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(S) Drive circuit for a display apparatus. 



(57) A drive circuit for a display apparatus having parallel signal electrodes has at least one voltage 
selecting circuit, a plurality of signal voltage circuits, and one selection signal circuit The voltage 
selecting circuit selects one of voltages having different levels in accordance with an input digital video 
signal. The signal voltage circuits are respectively provided for the signal electrodes, and include one 
signal line which is disposed between the voltage circuit and the respective signal electrode. The signal 
line is provided with an input switch, a capacitor and an output switch. The selection signal circuit 
generates a signal for controlling the input switches of the signal voltage circuits to be sequentially 
closed. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

This invention relates to a drive circuit for a dis- 5 
play apparatus, and more particularly to a drive circuit 
for a display apparatus which is capable of gray-scale 
display by means of amplitude modulation. In this 
specification, a matrix type liquid crystal display 
apparatus will be described as a typical example of a 10 
display apparatus, but this invention can also be 
applied to drive circuits for other types of display 
apparatus such as electroluminescent (EL) display 
apparatus and piasma display apparatus. 

15 

2. Description of the Prior Art: 

When driving a liquid crystal display (LCD) 
apparatus, since the speed of response of a liquid 
crystal is very slow as compared with a luminescent 20 
material used in a cathode ray tube (CRT) display 
apparatus, a special drive circuit is used. That is, in 
the drive circuit for the LCD apparatus, video signals 
which are sequentially sent are not immediately sup- 
plied to respective pixels, but the video signals are 25 
sampled for each of the respective pixels in one hori- 
zontal period and held for the horizontal period. The 
held video signals are output at the same time at the 
beginning of the next horizontal period, or at an 
appropriate point of time in the next horizontal period. 30 
After the output of video signal voltages to the respec- 
tive pixels are begun, the signal voltages are held for 
a period of time sufficiently over the speed of res- 
ponse of the liquid crystal. 

In order to hold the signal voltages, a prior art 35 
drive circuit utilizes capacitors. Figure 1 1 shows a sig- 
nal voltage output circuit (a source driver) for supply- 
ing drive voltages to N pixels on one scanning line 
selected by a scanning signal. A portion for the nth 
pixel of the signal voltage output circuit is shown in 40 
Figure 12. The portion includes an analog switch Sw 1t 
an sampling capacitor C SMP , an analog switch Sw 2l a 
holding capacitor C H , and an output buffer amplifier A. 
The operation of the signal voltage output in the prior 
art will be described with reference to the circuit diag- 45 
rams of Figures 1 1 and 12, and also to the signal tim- 
ing chart of Figure 13. Analog video signals v s to be 
input to the analog switches Sw, are sequentially 
sampled in accordance with sampling clock signals 
Tsmpi - Tsmpn which correspond to the respective N 50 
pixels on one scanning lino selected by each horizon- 
tal synchronizing signal H syn . By this sampling, the 
sequential instantaneous voltages V SMP1 - V SMPN of 
the video signals v 8 are applied to the corresponding 
sampling capacitors C SMP . The nth sampling capaci- 55 
tor 

Csmp ' s charged up to the value of the video signal 
voltage V SMPn corresponding to the nth pixel, and 
holds this value. The signal voltages V SM pi - V SM pn 



which are sequentially sampled and held in one hori- 
zontal period are transferred from the sampling 
capacitors C SMP to the holding capacitors C H , in res- 
ponse to an output pulse OE which is supplied to all 
of the analog switches SW 2 at the same time. Than 
the signal voltegea V SMP1 - V SMPN are output to source 
lines - O n connected to the respective pixels 
through the buffer amplifiers A. 

To the drive circuit described above, analog video 
signals are supplied. Such a drive circuit presents the 
following problems (A1) to (A4) when attempts are 
made to increase the size or improve the resolution of 
a liquid crystal panel. 

(A1 ) When the charges in the sampling capacitors 
C S mp are transferred to the holding capacitors C H , 
the relationship betweeen the voltage V H of the 
holding capacitor C H and the sampled voltage 
V SMP is represented by the following expression: 
1 



V - 



1 + 



CSMP 

Accordingly, in order that the voltage V H held by 
the holding capacitor C H may substantially equal 
the sampled voltage V SM p, a condition of C SM p » 
C H is required to be satisfied. That is, it is neces- 
sary to use the sampling capacitor C SMP of a rela- 
tively large capacitance. However, if the 
capacitance of the sampling capacitor C SMP is too 
large, it is necessary to make the time for charg- 
ing (i.e. a sampling period) longer. On the con- 
trary, as the size of the LCD apparatus is made 
larger or the resolution is improved, the number 
of pixels corresponding to one horizontal period 
increases, thereby necessitating a sampling 
period to be shortened in reverse proportion. It 
can be seen that there is a limit to the increase in 
size or the improvement in resolution of the LCD 
apparatus. 

(A2) Analog video signals are supplied to the 
source driver via bus lines. As the size and resol- 
ution of a display apparatus are increased, the 
frequency band of the video signal becomes 
wider and the distribution capacity of the bus lines 
increases. This results in the necessity of a wide- 
band amplifier in the circuit supplying video sig- 
nals, thereby increasing the cost of production. 
(A3) In a color display apparatus in which RGB 
video signals are used, bus lines for supplying 
multiple analog video signals are arranged. As 
the size and resolution of a display panel of such 
an apparatus are increased, the above-men- 
tioned wideband amplifier is required to have an 
extremely high signal quality so that there is no 
phase differences between the multiple video sig- 
nals and no dispersion in the amplitude charac- 
teristics and frequency characteristics. 
(A4) In the drive circuit for a matrix type display 



3 



3 0478384A2_I_> 



3 



EP 0 478 384 A2 



4 



apparatus, unlike the display in a CRT, analog 
video signals are sampled in accordance with a 
clock signal and displayed in pixels arranged in a 
matrix. At this time, since delays of signals in the 
drive circuit including delays in the bus lines is 
unavoidable, it is extremely difficult to accurately 
establish the sampling position for the analog 
video signals. Particularly, when displaying a 
computer graphic image in which the relationship 
between video signals and pixel addresses 
should be precisely defined, shift in the image dis- 
play position, bleeding of the image, etc., due to 
signal delays in the drive system and deterior- 
ation of the frequency characteristics cause sig- 
nificant problems. 

These problems which occur when using analog 
video signals are solved by using digital data as video 
signals. When the video signals are supplied in the 
form of digital data, a drive circuit shown in Figures 14 
and 15 is used. For the sake of simplicity, the video 
signal data is composed of 2 bits (D 0 , D^. That is, 
video signal data have four values 0-3, and a signal 
voltage applied to each pixel is any one of four levels 
V 0 - V 3 . Figure 14 is a circuit diagram showing a digital 
source driver circuit corresponding to the analog 
source driver circuit shown in Figure 11. The circuit 
diagram of Figure 14 shows the entire source driver 
for supplying driving voltages to N pixels. Figure 15 
shows a portion for the nth pixel in the circuit. The por- 
tion of the circuit compriese a D-type flip-flop (sampl- 
ing flip-flop) M S mp at a first stage and a flip-flop 
(holding flip-flop) M H at a second stage which are pro- 
vided for the respective bits (D 0 , D-,) of the video signal 
data, a decoder DEC, and analog switches ASW 0 to 
ASW 3 each of which is provided between correspond- 
ing one of four external voltage sources V 0 - V 3 and a 
source line O n . For the sampling of digital video signal 
data, various circuits may be used other than the D- 
type flip-flop. 

The digital source driver operates as follows. The 
video signal data (D 0 , D n ) are sampled at the rising of 
a sampling pulse T SMPn corresponding to the nth pixel, 
by the sampling flip-flop M SMP . At the time when the 
sampling for one horizontal period is completed, an 
output pulse OE is fed to the holding flip-flops M H . All 
the video signal data (D 0 , held in the holding flip- 
flops M H are simultaneously output to the respective 
decoders DEC. Each of the decoders DEC decodes 
the 2-bit video signal data (D 0 , D^. In accordance with 
the values (0 to 3), one of the analog switches ASW 0 
- ASW 3 is conductive, and the corresponing one of the 
four external voltages V 0 - V 3 is output to the source 
line O n . 

The source driver in which digital video signals 
are used for sampling can solve the problems (A1) to 
(A4) which arise when analog video signals are used 
for sampling. However, this source driver still has the 
following problems (D1) and (D2) to be solved. 



(D1) With the increase in number of bits of digital 
video signal data, the size of each of memory 
cells, decoders, etc., constituting a drive circuit is 
drastically enlarged. Therefore, the size of a chip 

5 and the production coat are greatly increased. 

(D2) When voltage sources supplied externally 
(V 0 - V 3 in Figures 14 and 15) are selected by 
using analog switches, the selected voltage 
source is directly connected to a source line of the 

10 liquid crystal panel and drives the source line. 

Accordingly, the circuit is required to have a per- 
formance capable of sufficiently driving the heavy 
load, i.e. the liquid crystal panel. This causes the 
production coot to increase. 

15 

SUMMARY OF THE INVENTION 

The drive circuit of this invention, which over- 
comes the above-discussed and numerous other dis- 

20 advantages and deficiencies of the prior art, 
comprises: voltage supplying means for supplying a 
plurality of signal voltages, the levels of said signal 
voltages being different; voltage selecting means, 
connected to said voltage supplying means, for 

25 receiving said digital video signal, for selecting one of 
said signal voltages in accordance with said digital 
video signal, and for supplying said selected signal 
voltage; signal voltage means, provided for each of 
said signal electrodes, for receiving said signal volt- 

30 age from said voltage selecting means and for supply- 
ing said signal voltage to one of said signal electrodes 
via a corresponding switching element; and selection 
signal generating means for generating selection sig- 
nals by which said switching elements are sequen- 

35 tially conductive, said selection signal generating 
means being connected to the control terminals of 
said switching elemets of all said signal voltage 
means. 

In preferred embodiments, said drive circuit com- 

40 prises a predetermined number of said voltage selec- 
tinq means, and each of said voltage selecting means 
is connected to said signal voltage means corre- 
sponding to signal electrodes at every said predeter- 
mined number, and said selection signal generating 

45 means generates selection signals by which said 
switching elements are conductive for a pericd which 
continues said predetermined number of times as 
long as the duration of said digital video signal. 

Preferably, said signal holding capacitor is con- 

50 nected between said signal input switching element 
and said signal output switching element 

By a selection signal generated by the selection 
signal generating means, one or a plurality of signal 
voltage means are sequentially selected. The selec- 

55 ted signal voltage means send out a signal voltage 
supplied from the voltage selecting means connected 
to the selected signal voltage means, to a signal elec- 
trode. Thus, at a certain point of time, the voltage sup- 
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plying means connected to the voltage selecting 
means is not connected to all the signal electrodes, 
but only one or a plurality of selected signal elec- 
trodes. 

The invention is accomplished in view of the 
above-mentioned present state. The objective of the 
invention is to provide a drive circuit for a display 
apparatus for digital video signal data in order to solve 
the disadvantages (A1) to (A4) in analog sampling, 
and moreover, to eliminate the problems (D1) and 
(D2). 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention may be better understood and its 
numerous objects and advantages will become appa- 
rent to those skilled in the art by reference to the 
accompanying drawings as follows: 

Figure 1 is a circuit diagram showing a signal volt- 
age supplying circuit for an LCD apparatus in one 
embodiment of the invention. 

Figure 2 is a timing chart illustrating the operation 
of the signal voltage supplying circuit of the embodi- 
ment. 

Figure 3 is a block diagram showing the circuit of 
Figure 1 in a simplified manner. 

Figure 4 is a circuit diagram showing a signal volt- 
age supplying circuit with two D/A conversion circuits 
in a second embodiment of the invention. 

Figure 5 is a timing chart illustrating the operation 
of the signal voltage supplying circuit of the second 
embodiment. 

Figure 6 is a block diagram showing the circuit of 
the second embodiment in a simplified manner. 

Figure 7 is a circuit diagram showing a portion of 
a D/A conversion circuit for 4-bit digital video signal 
data in a third embodiment of the invention. 

Figure 8 is a block diagram showing the circuit of 
the third embodiment in a simplified manner. 

Figure 9 is a block diagram of a signal voltage 
supplying circuit with four D/A conversion circuits for 
4-bit data in a fourth embodiment of the invention. 

Figure 10 is a timing chart illustrating the oper- 
ation of the signal voltage supplying circuit in the 
fourth embodiment. 

Figure 1 1 is a circuit diagram showing a drive cir- 
cuit for analog vide signals. 

Figure 12 is a circuit diagram showing a portion 
for one source line in the circuit of Figure 1 1 . 

Figure 13 is a timing chart illustrating the oper- 
ation of the drive circuit of Figure 1 1 . 

Figure 14 is a circuit diagram showing a drive cir- 
cuit in which digital sampling circuits are provided for 
every source line. 

Figure 15 is a circuit diagram showing a portion 
for one source line in the circuit of Figure 14. 

Figure 16 shows in (a) an equivalent circuit diag- 
ram when the signal voltage is supplied in the first 



embodiment of the invention and in (b) an equivalent 
circuit diagram when the signal voltage is supplied in 
the circuit of Figure 14. 

5 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Figure 1 shows a signal voltage output circuit (a 
source driver) for supplying signal voltages to N signal 

10 lines (source lines) in a drive circuit for a matrix type 
LCD apparatus in one embodiment of the invention. 
In this embodiment, for the sake of simplicity, 2-bit 
video signal data are used. The signal voltage output 
circuit of Figure 1 comprises a digital-analog (D/A) 

15 conversion circuit DA for selecting one of plural exter- 
nal voltages in accordance with digital video signal 
data, and signal voltage hold circuits MOj (i is 1 to N) 
provided for the respective N pixels on one scanning 
line. In the D/A conversion circuit DA, the 2-bit video 

20 signal data of D 0 and is sampled by a sampling flip- 
flop M SMP and in put into a decoder DEC. The sampling 
flip-flop M S mp includes two D-type flip-flops corre- 
sponding to the respective bit of the input data. In 
accordance with the video signal data (D 0 , D,) input 

25 into the decoder DEC through input terminals A and 
B thereof, the decoder DEC outputs an ON-control 
signal to one of analog switches ASW 0 - ASW 3 
through corresponding one of four output terminals Y 0 
- Y 3 . External voltage sources V 0 - V 3 are connected 

30 to terminals of the analog switches ASW 0 - ASW 3 , re- 
spectively. The other terminals of the analog switches 
arm connected to a first analog switch ASWM in the 
input portion of each of the signal voltage hold circuits 
MOj (i is 1 to N). 

35 The configuration of the signal voltage hold circuit 

MO| for the first source line be described. The other 
terminal of the first analog switch ASWM is connected 
to one terminal of a second analog switch ASWH. A 
capacitor C M is connected between the other terminal 

40 of the first analog switch ASWM and the ground. The 
other terminal of the second analog switch ASWH is 
connected to an input terminal of a buffer amplifier A. 
A capacitor C H is connected between the other termi- 
nal of the second analog switch ASWH and the 

45 ground. A seloction pulse Trr^ is fed into the control 
terminal of the first analog switch ASWM. An output 
pulse OE is fed into the control terminal of the second 
analog switch ASWH. Each of the signal voltage hold 
circuits MOj corresponding to the other source lines 

50 has the same configuration as that of the signal volt- 
age hold circuit MO v The selection pulses TMj are 
sequentially supplied to the respective signal voltage 
hold circuits MOj, and the output pulse OE is supplied 
in common to all the signal voltage hold circuits MOj 

55 at the same time. 

The operation of the signal voltage output circuit 
shown in Figure 1 will be described with reference to 
the timing chart of Figure 2. The 2-bit digital video sig- 
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nal data (D 0 , DO is fed in synchronization with the fal- 
ling edge of a clock pulse CK. The sampling flip-flop 
Msmp of the D/A convertion circuit DA shown in Figure 
1 latches digital video signal data Data 1( Data 2 , 
Data 3 , ... corresponding to the respective pixels at the 
rising of the clock pulse CK, and outputs them to the 
decoder DEC as data DAM. The decoder DEC which 
receives the data Dataj makes one of the outputs of 
the output terminals Y 0 - Y 3 effective, and the corre- 
sponding one of analog switches ASW 0 - ASW 3 is 
conductive. For example, if the contents of the data 
Data! is (D 0 , Di) = (1, 1), the analog switch ASW 3 is 
conductive, and the external voltage V 3 is selected to 
be output as the output DA^ of the D/A conversion 
circuit DA. 

The outputs DAout of the D/A conversion circuit 
DA are supplied to all of the signal voltage hold cir- 
cuits MOj. However, at the the when the data Data! is 
sampled, only the analog switch ASWM in the signal 
voltage hold circuit MC^ for the 1st source line Oi is 
conductive in accordance with the selection pulse 
Tnv As a result, the external voltage V 3 in applied 
only to the capacitor C M in the signal voltage hold cir- 
cuit MO v 

At the next rising of the clock pulse CK, the next 
digital data Data 2 is sampled, and the value thereof is 
decoded by the decoder DEC. An external voltage 
corresponding to the decoded data is supplied to all 
of the signal voltage hold circuits MOj as the output 
DAout of the D/A conversion circuit DA. At this time, 
only the analog switch ASWM in the signal voltage 
hold circuit MO z for the 2nd source line 0 2 is conduc- 
tive in accordance with the selection pulse Tm 2 , so 
that the output DA out is applied to the capacitor C M in 
the signal voltage hold circuit M0 2 . That is, every time 
when the digital video signal data Data, in sampled, 
the external voltage V x is applied only to the capacitor 
C M in the ith signal voltage hold circuit MOj in accord- 
ance with the selection pulse Tnv 

After N digital video signal data Data! - Data N in 
one horizontal period are sampled and the capacitor 
C M in the Nth signal voltage hold circuit MO N is 
charged, the output pulse OE is fed to the second 
analog switches ASWH in all of the signal voltage hold 
circuits MOi - MO N . Therefore, the data held in the 
capacitors C M are transferred to the capacitors C H at 
the same time, and output to the respective source 
lines Oi - O n via the buffer amplifiers A. Thus, the 
pixels in the LCD apparatus are charged by the res- 
pective signal voltages. 

As described above, in the signal voltage output 
ciircuit of the embodiment shown in Figure 1, the 
external voltage source V x is connected only to the 
capacitor C M in one signal voltage hold circuit MOj 
selected by the selection pulse T m} . The equivalent cir- 
cuit at this time is shown in (a) of Figure 16, and the 
loads of the external voltage V x are the on-resistance 
R ON of the selected one analog switch ASWM and the 



capacitance of the capacitor C M . However, the on- 
resistance Rqn of the analog switch ASW is small and 
the capacitance of the capacitor C M can be made as 
small as about 7 pF, so that the load of the external 

5 voltage source is small. By contrast for example, in 
the drive circuit shown in Figure 14, the external volt- 
age V x directly drives the pixels of the liquid crystal 
panel. Therefore, as shown in (b) of Figure 16, the 
resistance Rc L and the capacitance C CL of the line to 

10 the pixel and the pixel itself also are connected to the 
on-resistance Rq N of the analog switch ASWM. Speci- 
fically, the values of the resistance R C l and the 
capacitance C C l have a large value such as 
approximately 50 kn and 200 pF, respectively. More- 

15 over, in the circuit of Figure 14, the selected external 
voltage source V x is connected to a large number of 
pixels among the N pixels on one scanning line (the 
maximum number is N). As described above, since 
the loads of the external voltage sources V 0 - V 3 are 

20 very large in the drive circuit of Figure 14, it is neces- 
sary to prepare voltage sources having a large 
capacity. By contrast, in the embodiment of Figure 1, 
since the external voltage sources V 0 - V 3 are respect- 
ively used only for applying a voltage to one capacitor 

25 C M , the power source device is a very simple one, 
irrespective of the number of source lines. 

Figure 3 is a block diagram showing in a simpli- 
fied manner the signal voltage output circuit in the 
embodiment of Figure 1 . The signal voltage output cir- 

30 cuit in this embodiment is provided with one D/A con- 
version circuit DA. The output DAo Ut is connected to all 
of the N signal voltage hold circuits MO! - MO N . Actu- 
ally, the signal voltage is sent out only to one signal 
voltage hold circuit MOj selected by a selection pulse 

35 TlTtj. 

A second embodiment of the invention is shown 
in Figure 4. The second embodiment comprises a sig- 
nal voltage output circuit which is provided with two 
D/A conversion circuits DA1 and DA2. In the embodi- 

40 ment, one half of the N source lines Oi - 0 N (i.e., (N/2) 
source lines) is assigned to each of the D/A conver- 
sion circuits DA1 and DA2. The two D/A conversion 
circuits DA1 and DA2 receive digital video signal data, 
and output one of external voltages V 0 - V 3 as outputs 

45 DA 1ou1 and DA 2out in accordance with the values of the 
received data, respectively. The first D/A conversion 
circuit DA1 is connected to the signal voltage hold cir- 
cuits M0 2k _! for odd source lines 0 2k .! such as the 1st 
and 3rd source lines. The second D/A conversion cir- 

50 cuit DA2 is connected to the signal voltage hold cir- 
cuits M0 2k for even source lines 0 2k such as the 2nd 
and 4th source lines. In this embodiment, the clock 
pulse CK is not used as it is, but a pulse CKH the fre- 
quency of which is divided in half as compared with 

55 the cloak pulse CK is used as a sampling pulse in a 
sampling flip-flop M SMP in the first D/A conversion cir- 
cuit DA1. In a sampling flip-flop M SMP in the second 
D/A conversion circuit DA2 P the inverted pulse of the 
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pulse CKH through an inverter INV is used as a sam- 
pling pulse. 

The operation of the circuit in described with 
reference to the signal timing chart of Figure 5. The 
digital video signal data (D 0 , D 3 ) is sampled by the 5 
sampling flip-flop M SMP of the first D/A conversion cir- 
cuit DA1 at every rising of the clock pulse CKH, and 
sampled by the sampling flip-flop M SMP of the second 
D/A conversion circuit DA2 at every falling of the clock 
pulse CKH. Thus, the first sampling flip-flop M SMP1 10 
samples data of odd numbers such as the first data 
Data! and the third data Data 3 . The second sampling 
flip-flop M S mp2 samples data of even numbers such as 
the second data Data 2 and the fourth data Data 4 . The 
sampling flip-flop sample at every period of the clock 15 
pulse CKH, so that the data are held in the sampling 
flip-flops M SMP1 and M SMP2 for two periods of the clock 
pulse CK. The outputs DAIv^and DAM 2 of the sampl- 
ing flip-flops M SMP1 and M SMP2 are supplied to decod- 
ers DECi and DEC 2 , respectively. Each of the 20 
decoders DEC, and DEC 2 selects one of the external 
voltages V 0 - V 3 in accordance with the same logic as 
in the decoder DEC shown in Figure 1. The external 
voltages selected by the decoders DEC, and DEC 2 
are output to the odd and even signal voltage hold cir- 25 
cuits MO| as output DA 10ut and DA^t, respectively. In 
the signal voltage hold circuit MO, - MO N , these sig- 
nals are blocked by te first analog switches ASWM, 
but in the signal voltage hold circuit MOj which is 
sequentially selected by the pulse Tmj, the signal volt- 30 
age DA 10ut or DA 2out is applied to the capacitor C M . At 
this time, the duration of the section pulse Tm { is equal 
to two periods of the clok pulse, so that the signal volt- 
age DA 1ou1 or DAaout is applied to the capacitor C M for 
a time period twice as long as in the embodiment of 35 
Figure 1. Thus, when all of the capacitors C M of the N 
signal voltage hold circuits MO, - MO N hold the signal 
voltages, the output pulse OE is supplied to all of the 
signal voltage hold circuits MO! - MO N , so that the sig- 
nal voltages are output to O, - O n to be applied to the 40 
pixels. 

As described above, in the embodiment of Figure 
4, the signal voltage Da 1cut or DA 2 out generated by the 
selected external voltage can be applied to the 
capacitor C M for the period of time twice as long as the 45 
duration of the digital video signal data (i.e., the period 
of the clock pulse). In other words, even if the duration 
of the digital video signal data is shortened, it is poss- 
ible to take sufficient time for charging the capacitor 
C M in the circuit of this embodiment. 50 

In the circuits shown in Figures 1 and 4, the digital 
video signal is a 2-bit data. Next, the configuration of 
a D/A conversion circuit to which the digital video data 
of 4 bits is supplied is shown in Figure 7. In this case, 
according to the number of bits of the data, a sampling 55 
flip-flop M SMP comprises four flip-flops, and the 
required levels of excternal voltage is 2 4 = 16 (V 0 - 
V 15 ). This may cause the decoder DEC to become 



large (4 inputs, and 16 outputs). However, after one 
of the externa! voltages V x selected by analog 
switches ASW 0 - ASW 15 is output as an output DA^,, 
the circuit operates in the same manner as in the cir- 
cuit of Figure 1. Furthermore, the block configuration 
of a signal voltage output circuit with two D/A conver- 
sion circuits DA1 and DA2 to which digital video signal 
data of 4 bits is supplied is shown in Figure 8. The con- 
figuration is the same as that of the circuit shown in 
Figure 6, except that the number of external voltage 
levels is 16(V 0 - V 15 ). Acordingly, the circuit is suitable 
as a drive circuit for a liquid crystal panel which has 
numerous pixels and numerous gray-scale levels. 
The block configuration of a signal voltage output cir- 
cuit having four D/A conversion circuits Da1 - DA4 is 
shown in Figure 9, and the signal timing chart is 
shown in Figure 1 0. In this case, pulses CK1 - CK2 the 
frequency of each of which is divided into four with 
respect to the clock pulse CK are used. The pulses 
CK1 - CK2 are shifted by one clock period. Each of the 
four D/A conversion circuits DA1 - DA4 samples digi- 
tal video signal data every four data. In other words, 
the first D/A conversion circuit Da1 samples the (4k- 
3)th data such as the 1 ist data Data! and the 5th data 
Data 5 . The second D/A conversion circuit DA2 sam- 
ples the (4k-2)th data such as the 2nd data Data 2 and 
the 6th data Data 6 . The third D/A conversion circuit 
DA3 samples the (4k-1)th data such as the 3rd data 
Data 3 and the 7th data Data 7 . The fourth D/A conver- 
sion circuit DA4 samples the 4kth data such as the 4th 
data Data 4 and the 8th data Data e . The sampled data 
are held in the sampling flip-flops for the four periods 
of clock pulse. Since the duration of the selection 
pulse Tmj equals to four periods of the clock pulse, the 
outputs DA, out - DA^out of the D/A conversion circuits 
DA1 - DA4 are respectively applied to the capacitors 
C M for a time period four times as long as the duration 
of the digital data. Therefore, the drive circuit is ext- 
remely advantageous, when the number of pixels is 
increased and the duration of the input signal is shor- 
tened. 

According to the invention, digital video signal 
data are first converted into analog voltage signals, 
and then the signal voltages are sequentially output 
to respective capacitors for holding signal electrodes 
in accordance with selection pulses, in the same man- 
ner as in the prior art analog drive circuit. Therefore, 
since the external voltage source is connected only to 
the selected pixels, the loads for the external voltage 
source can be made very small. Accordingly, even 
when the number of pixels is increased with the 
increase in size and the improvement in resolution of 
the display apparatus, the capacity of the external 
voltage sources can still be extremely small. Further- 
more, in the drive circuit of the invention, since a digi- 
tal sampling circuit is not provided for each source 
line, the numbers of flip-flops, decoders and the like 
are still small, even is the number of pixels is 
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increased. Moreover, even if the number of bits of the 
digital video signal data is increased, the number of 
flip-flops, decoders and the like which become larger 
in size is small. Therefore, if the size is increased and 
the resolution is improved in the display apparatus, 5 
the chip size can be prevented from being drastically 
enlarged. 

Furthermore, by providing a plurality of circuits for 
converting digital video signal data into analog vol- 
tages, the external voltage can be supplied to the 10 
capacitor of each signal voltage hold circuit for a 
longer time period than the duration of the digital video 
signal data. Therefore, the drive circuit of the inven- 
tion can be sufficiently used in a display apparatus 
with high resolution in which the duration of the video 1 5 
signal is short. 

It is understood that various other modifications 
will be apparent to and can be readily made by those 
skilled in the art without departing from the scope and 
spirit of this invention. Accordingly, it is not intended 20 
that the scope of the claims appended hereto be 
limited to the description as set forth herein, but rather 
that the claims be construed as encompassing all the 
features of patentable novelty that reside in the pre- 
sent invention, including all features that would be 25 
treated as equivalents thereof by those skilled in the 
art to which this invention pertains. 



Claims 30 

1. A drive circuit for a display apparatus into which 
a digital video signal is input and in which a 
plurality of parallel signal electrodes are provided, 
comprising: 35 

voltage supplying means for supplying a 
plurality of signal voltages, the levels of said sig- 
nal voltages being different; 

voltage selecting means, connected to 
said voltage supplying means, for receiving said 40 
digital video signal, for selecting one of said sig- 
nal voltages in accordance with said digital video 
signal, and for supplying said selected signal volt- 
age; 

signal voltage means, provided for each of 45 
said signal electrodes, for receiving said signal 
voltage from said voltage selecting means and for 
supplying said signal voltage to one of said signal 
eleotrodes via a corresponding switching ele- 
ment; and 50 

selection signal generating means for 
generating selection signals by which said 
switching elements are sequentially conductive, 
said selection signal generating means being 
connected to the control terminals of said switch- 55 
ing elements of all said signal voltage means. 

2. A drive circuit according to claim 1, wherein said 



drive circuit comprises a predetermined number 
of said voltage selecting means, and each of said 
voltage selecting means is connected to said sig- 
nal voltage means corresponding to signal elec- 
trodes at every said predetermined number, and 
said selection signal generating means gener- 
ates selection signals by which said switching 
elements are conductive for a period which con- 
tinues said predetermined number of times as 
long as the duration of said digital video signal. 

3. A drive circuit according to claim 1 , wherein said 
signal holding capacitor is connected between 
said signal input switching element and said sig- 
nal output switching element. 

4. A drive circuit driving a display apparatus having 
a set of signal electrodes using an input digital 
video signal, the circuit including a sample and 
conversion means (DA) which is operable to 
repetitively sample the digital video signal and to 
output for each digital sample a signal voltage 
derived from a set of supplied voltages (V 0 to V 3 ) 
in accordance with that digital sample, and a 
plurality of drive voltage supply means (MOj), 
each provided for supplying a said signal voltage 
to a respective one of said signal electrodes, and 
each connected to receive the same said output 
of said sample and conversion means, said drive 
voltage supply means each including switch 
means controlled so as to pass the signal voltage 
for the respective signal electrode. 
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